Background: Ictal asystole is a rare phenomenon. Most reported cases are in persons with long-standing focal epilepsy originating from the temporal lobe. Its occurrence may complicate the clinical presentation or delay diagnosis, and it is thought to be associated with increased risk of sudden unexpected death in epilepsy. Case presentation: We report the case of a 55-year-old female person with epilepsy who suffered ictal asystole for 10 s while under monitoring at the Epilepsy Monitoring Unit. We then review briefly the pathophysiology and current management modalities for this phenomenon. Discussion: The first step in management of this condition is usually the optimization of anti-seizure drugs. In our case, a 2-year fall-free period was achieved with optimization of medical treatment. Pacemaker implantation can also be attempted to prevent ictal asystole-related falls and injury, while refractory cases may benefit from epilepsy surgery in terms of both seizure control and prevention of ictal asystole.
Background
Cardiac arrhythmias frequently accompany seizures. While tachyarrhythmia is the most common manifestation [1] , ictal bradyarrhythmia (IB) and ictal asystole (IA) are rare [2] . IA is present in 0.22-0.4% of seizures [3] [4] [5] and is an active area of interest for both neurologists and cardiologists. IAinduced syncope may confuse the clinical picture or delay a diagnosis of epilepsy [6] . There are reports that link the occurrence of IB and IA with an increased risk of sudden unexpected death in epilepsy (SUDEP) [7, 8] . Finally, IB and IA are a demonstration of a clinically challenging electrical interaction between the brain and heart [9, 10] . We report a 55year-old person with epilepsy who suffered a 10-s IA while under monitoring at the Epilepsy Monitoring Unit (EMU).
Case presentation
A 55-year-old female person with epilepsy was referred to the EMU for spell classification and anti-seizure drugs (ASDs) optimization. At age eight, she started to have episodes of staring that were diagnosed as absence seizures. These episodes did not resolve with age, but they became often associated with aura in the form of auditory hallucinations with left-sided numbness and tingling. The aura recurred several times monthly, and lasted between minutes to hours sometimes, but it was not always associated with impaired awareness or followed by a staring spell. Her seizures persisted despite multiple ASDs and ongoing polytherapy (levetiracetam 1500 mg twice a day, lamotrigine 150 mg twice a day, lorazepam 0.5 mg three times a day, and phenobarbital 64.8 mg once a day). Her brain MRI was unrevealing of focal lesions.
During her stay at the EMU with withdrawal of ASDs, the patient had a spell of what she described as loud ringing in her head and left side tingling. The EMU technician was talking to her when she collapsed suddenly and fell backwards on the bed. She then developed quick, successive myoclonic jerks of all four limbs, which lasted for 10 seconds. Following the event, the patient was disoriented to place, with a delay in answering questions and obeying commands, returning to her baseline in 10 minutes. minute. The electrographic seizure starts with a semirhythmic 4.5 Hz activity over the right temporal region, while heart rate begins to drop starting from the 9th second ( Fig. 1) . Seven seconds later, the patient develops asystole for 10 s (Fig. 2 ). Muscle artifacts ( Fig. 3 ) are due to myoclonic jerks secondary to cerebral hypoperfusion, and the ECG strip demonstrates return of spontaneous heart rate. The recordings were made using the 2016 US-manufactured Xltek EMU40Ex EEG System. On subsequent visits, lamotrigine was increased to 300 mg twice a day, levetiracetam dose was unchanged, and phenobarbital was tapered off. She still takes lorazepam for anxiety disorder. Two years after the event, the patient is still having focal seizures with or without impaired awareness about once monthly, but no further falls or syncopal events were reported after optimization of ASDs.
Discussion
In agreement with other previous studies [11, 12] , a recent systematic review in 2017 [13] which examined 157 case reports of patients with IA (between 1983 and 2016) identified the left hemisphere (62% of cases included in the systematic review) and the temporal lobes (80-82%) as the most frequent seizure onset zone with associated IA. It also confirmed previous data [3, 12] that linked IA to focal-onset (100% of cases included in the systematic review), long-standing, and drug-resistant epilepsy (72%). The average delay between onset of epilepsy and onset of IA in the systematic review was 14 years.
Ictal arrhythmias are thought to result from an imbalance between sympathetic and parasympathetic autonomic cardiovascular discharges [2] , with higher parasympathetic outflow leading to IB and IA. This imbalance is hypothesized to be the result of seizureinduced hyperexcitation coupled with chronic changes in neuronal networks secondary to drug-resistant epilepsy [13, 14] . The central autonomic structures located in the deep temporal lobe, namely the insular cortex and amygdala, are thought to be at the center of these changes [15] [16] [17] .
Syncope is associated with IA episodes lasting longer than 6 s, and it may recur with future seizures [18] . There is debate in the literature over the optimal management of patients with IA. Generally, a better control of seizures with ASDs should be attempted first [19] . In our case, the patient continues to be fall-free 2 years after optimization of her ASDs. Pacemaker implantation can be reserved for those who fail to become fall-free on ASDs alone [18] . Cases of drug-resistant epilepsy associated with IA might benefit from epilepsy surgery in terms of both seizure control and prevention of IA [14, 18, 20, 21] . 
